per 


WORLD I^^TELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTCRNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) Intenatioiial Patent aassificatlon 5 
A61M 1/00, 1/14 


(21) totenaUonal Application Number: PCT/DK9 1/00407 

(22) Intenuitlonal Rling Date: 30 December 1991 (30.12.91) 


Al 


(11) Intemalional Publication Number: 
(43) latemadonal Publication Date: 


WO 92/11878 
23 July 1992 (23.07.92) 


(30) Priority data: 
0006/91 


3Januaiy 1991 (03.01.91) DK 


t71)(72) Applicants and Inventors: PEDERSEN. Robert, Smith 
^ (DK/DKl; Kloverengen 10. DK-6720 Fano (DK) AUN- 
SHOLT. Niels. Aage IDK/DK]; ftbruanrej 36. D 
Haslc (DK). LYKKE. Borge, Nielsen [DK/DIQ; Grum- 
stolsvej 1, DK-8270 Hejbjerg (DK). 

a4) Agent: K. SKOTT-JENSEN PATENTINGENI0RER A/ 
S; Umraingvej 225. DK-8361 Hasselager (DK). 


(81) Designated States: AT, AT (European patent), AU, BB. BE 
(European patent). BF (OAPI patent), BG. BJ (OAPI 
patent). BR, CA. CF (OAPI patent), CG (OAPI patent). 
CH. CH (European patent). CI (OAPI patent). CM 
(OAPI patent). CS, DE. DE (European patent), DK, 
DK (European patent). ES. ES (European patMit), Fl, 
PR (European patent), GA (OAPI patent), GB, GB (Eu- 
ropean patent). GN (OAPI paten9.GR(EuroMan pa- 
tent), HU, IT (European patent), JP, KP. KR. LK. LU, 
LU (European patent). MC (European patent), MG. ML 
(OAPI patent). MN. MR (OAPI patfnO. MW. NL. NL 
Europwn patent). NO. PL, RO. RU .SD. SE. SE (Eu- 
ropean patent). SN (OAPI patent), TD (OAPI patent). 
TG (OAPI patent), US. 


Published 

mth iniemationd seardi report. 

In English translation (filed in Danish). 


(54)litle: HEMODIALYSIS APPARATUS 



(57) Abstract 

A hemodialysis apparatus comprises an inlet (BA) for blood from an arterial outle^ such "^'.^^ ""^jJ^^SS^^^ 
outlet.tn'outlet (b'b) fofLted "^-f « ^-^^nate W^^^^^^ 

pump (9). at least one ptessuie gauge (5. 6) for momtonng the Wood P'«f the blood inlet (BA) to the apparatus, and 

blood path, and further an artificial Icidney or filtrauon m«ns (14) for "f^^f™^ for the dialysate. 

at least one dialysis path connected to the outlet of the artificial Kdney or filtration "^"^ * "''J^^^ dialysis pump 

In a known manner per se the blood pump (9) is infinittly friable while JifSS S^^^^^ 
(10; 1 1), which is infinitely variable. The pump rate for the first dialysis pump <>0> *E (H) '« adjusted to 

drawal volume rate from the outlet from the artificial Icidney or « »f °» ^^/'^^^ device 
perf'ofin a predetermined volume rate of fresh or cleansed dialysate to the dialysis miet of the amiioBi « , 

(14). 
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HEMODIALYSIS APPARATUS 

ttlaterwocd to . v»cus inlet, such « . v.no». 
inlet, a blood flow path with a blood p«Mp, at 
r f one P«Uure gauge for monitoring the blood pres- 
' Tl^tTne !lr deteotor for detecting air in the 
Too; fioi ptth and further =o.^risin, an artificial 
^i::!yTf iltration device, such as a filter colu™ 
Jcioney ot ,piiter for passage of liquid, 

coBprising at least one filter for ^ J 
Plasma or other substance from the blood suppii 

!p:itus Via the -vre'auUttroiro - 
rifrcriir;::iit:riordrce and « receptacle 

for the dialysate. 

heBodialy«r apparatus of this ^ is known and 
U used in hospital, for cleaning of and nourishment 
supply to the patients blood. 

However, it presents a problem that the known ap- 
paratus ^^ath^ space consuming, and to have a r«- 
::^bi: utilization the pumps are aU-d to «ork wxth 
so high output per time unit, that a " ^ 

patient, whose ---^ ^ --f. ^^rd ^thin 
insufficient unc^ n he k.d„^ , ^^^^^ 

Z:::^:::^^:^^-- treatment repeated eve^ other or 

every third day. "r^i^ on 

treatments dialysate supply xs ^ 

water; commonly water f ^^^^^^^ and'Lterwa^ 
initially has -^^'^ ^^^^t^^^:, „a/or physiologi- 

added ~^^^^^;3'^:ri:h Should be added to the 

cal substances or mixtures, waxw* 
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patient's blood. Such water treatment plants are often 
laxgB and expensive. 

However, it is a purpose to provide a hemodialyzer 
apparatus, which is distinguished by to be inexpensive 
and further transportable in a convenient manner, such 
that it can be used at a patient's bed and relatively 
easily can be transported together with this and the 
patient to different sections in a hospital. 

It turns out that said task in a surprisingly 
simple manner can be fulfilled according to the inven*- 
tion by the blood pump in a manner per se being arranged 
infinitely variable, and by the dialysis channel having 
at least one dialysis pump, arranged infinitely vari- 
able. This solution implies a large niamber of advan- 
tages, individually as well as in combination. 

By meams of the apparatus according to the inven- 
tion it has thus become much easier to put patients 
having an extremely low pressure into dialysis treatment 
which occurs in certain cases in intensive care wards, 
and where it is also desirable to let the dialysis 
treatment continue round the clock. For this purpose the 
pump outlet shall of course be approximately five times 
lower per time unit than by the hitherto known dialyzer 
apparatus. For round-the-clock treatment of patients 
having extremely low blood pressure the pump outlet must 
be moderate and still exactly adjustable. 

By an apparatus for a 24-hour treatment or more the 
blood pump should have an outlet up to approximately 20 
1 per hour, i.e. adjustable almost from zero to approxi- 
mately 20 1 per hour. Said adjustment is known and could 
be achieved by known stepless variable blood pumps, 
which could be of different kinds, i.e. txibe pumps as 


wo 92/11878 


PCr/DK91/00407 


3 

well as e.g. diaphragm pumps. 

The outlet of the dialysis pump or pumps should, 
however, be considerably less, namely less than a tenth 
of the outlet of the blood pump, and to achieve an ac- 
curate withdrawal of plasma, liquid or another substance 
from the blood through the artificial kidney or a fil- 
tration device, the adjustability must be adequate. 
This, surprisingly enough, can be achieved by a stepwise 
adjustment of the pimp outlet. It must be taken into 
consideration, that the blood pressure in certain situa- 
tions can be extremely low, as low as approximately 20 
mm Hg must be foreseen, it is easily recognized that the 
stepwise adjustment should be possible down to steps in 
the range of 1 ml per hour and with outlet of the dia- 
lysis pump from 0 to 2000 ml per hour. According to 
experience it can be necessary to arrange the pumps 
with a tachometer, which generates a return signal to 
the pump controlling devices and for that purpose is 
arranged on a shaft of the dialysis pximp. 

A hemodialyzer apparatus might also be used in the 
treatment of children. In such cases it is an advantage 
that the pump be arranged entirely or partly inter- 
changeable or changeable between e.g. two pump outlets. 

It should be noted, that from patients in e.g. 
intensive care it is usual to take dialysate samples 
during dialysis treatment, i.e. samples taken are 
examined, such that the quantity of waste substances are 
known. The result is used for comparative reasons in the 
dialyzer apparatus, if it is equipped with a micropro- 
cessor or computer for controlling and monitoring. Ad- 
justments of the dialyzer apparatus are made in ac- 
cordance with the results of said dialysis samples. 
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It appears that the apparatus according to the 
invention can be designed with small dimensions, and 
further that ready made dialysate preparations in 
plastic bags can be used with advantage, whereby the 
desired transportability of the dialyzer apparatus is 
achievable and not re«miring a hospital having a water 
treatment plant. The apparatus can also be used at the 
site of a catastrophe for first aid treatment of 
patients having kidney failure. 

Structurally, according to the invention it is 
advantageous to provide designs which are characterized 
in that there are two dialysis pumps in the dialysis 
channel, arranged infinitely variable, the pump speed of 
the first pump is adjusted to present a predetermined 
draw volume per time unit from the outlet of the arti- 
ficial kidney or filtration device, and the other dia- 
lysis pump is adjusted to supply a predetermined volume 
per time unit of fresh or cleansed dialysate to the 
dialysis inlet of the artificial kidney or filtration 
device for supply of dialysate to the passing blood. 

Here, especially the embodiment is advantageous, 
when e.g .'plastic bags are used for receiving of the 
dialysate from the apparatus and with ready made dia- 
lysate preparations ready to be supplied by the ap- 
paratus to a patient's vein, and the apparatus is char- 
acterized in that the dialysate from the first dialysis 
pump is conveyed to a receptacle, such as a receptacle 
made of plastic sheeting, connected with a weighing 
mechanism for weighing of the dialysate quantity, and 
that fresh or cleansed dialysate from a storage recept- 
acle, such as a storage bag of plastic sheeting and 
filled with the dialysate, also connected with a weigh- 
ing mechanism, via the other dialysis pump the output of 
which is adjusted determined by the two changing quan- 
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titi s - one reducing the other raising - being kept 
equal per time unit. 

It appears that the embodiments according to the 
invention easily are modified to further applications of 
different, but obvious art, and an easy and fast switch 
is possible. According to the invention such enbodijaents 
are partly characterized in that the artificial kidney 
or filtration device is provided with filter for plasma- 
forese and/or plasma replacement, and that the other 
dialysis pump is adjusted synchronously with the first 
dialysis pump, and partly that the artificial kidney or 
filtration device has one for the purpose suitable, such 
as plasmaforese filtration providing, filter member, and 
that the first dialysis pump supplies dialysate to an 
adsorption providing, such as immuno adsorption provid- 
ing, such as antibodies and cholesterol removing, filter 
member, from the outlet of the filter member the 
treated, possible further treated, dialysate is conveyed 
to the arterial inlet of the artificial kidney or fil- 
tration device, and partly characterized in that the 
other dialysis pump is in the dialysate flow path be- 
tween the dialysate outlet of the treated, possible 
further treated dialysate and the dialysate inlet of the 
artificial kidney or filtration device, and that the two 
dialysis pumps are adjusted to work synchronously, and 
further characterized in that artificial kidney or fil- 
tration device is arranged to eliminate liquid, prefer- 
ably water drawing, from the passing blood, and that the 
dialysate via the first dialysis pump, which is adjusted 
to pass a determined liquid volume per time unit, is 
conveyed to a receptacle, such as a receptacle connected 
with a weighing mechanism for determination of received 
liquid volume, preferably a receptacle of plastic sheet- 
ing. 
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According to the invention the hemodialyzer appara- 
tus can b safeguarded against important malfunctioning 
states, such as the presence of too much air in the 
blood path, by a shut off valve being present in the 
blood flow path, such as a tube clamp, which control- 
lingly is in connection with the air detector and is 
closed by this, when presence of an air volume is de- 
tected, above a predetermined maximum, and further 
against run out or failing fresh dialysate preparation 
thereby that weighing mechanism for the receptacle with 
preparation is arranged with an alarm device-, giving 
alarm for an outlet quantity, which is below a pre- 
determined quantity, which should be conveyed to the 
dialysate flow path per time unit. 

The following advantages are achieved or can be 
achieved with dialyzer apparatus according to the inven- 
tion: 

1) continuous hemodialysis treatment, including 
hemofiltration if necessary, which day and night removes 
residue products and liquid. 

2) Accurately adapted withdrawal of liquid and 
plasma. 

3) Possibility to dose medicines accurately. 

4) Independency of water treatment or purifying 

plEOltS. 

5) Independency of connection to the public power 
supply, as battery operation is possible due to low • 
power consumption. 

6) Easy to transport. 
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7) Application of ready made dialysate preparation. 

8) Negligible chances of infection, as the blood 
path as well as the dialysate path are closed circula- 
tions. 

9) Easy to switch between adult and children, 

10) Negligible need for sterilization. 

11) Adapted to electronic controlling. 

12) Easy to switch between different kinds of 
treatments, and the apparatus is less expensive than the 
apparatus known hitherto. 

The present invention will now be described in 
detail with reference to the accompanying drawings, in 
which: 

Fig. 1 is a schematical view of an embodiment of 
the hemodialyzer apparatus according to the invention; 
and 

Pig. 2 is a block diagram showing the most 
important elements of an electronic controlling device 
for controlling the hemodialyzer apparatus according to 
the invention as shown in fig. 1. 

An embodiment of a hemodialyzer apparatus according 
to the invention shown in the figures of the drawing in 
strongly stylized shape comprises a number of elements, 
which are placed in connection with an apparatus front 
plate, namely a tube pump 9, which is placed in the 
blood channel system of the apparatus, which here in 
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short is named the blood path of the apparatus, the tube, 
pump is shown designed in a manner shown per se with one 
in a half circle internally along a half circle shaped 
wall traced tube, against which in radial direction are 
pressing along of two diametrically oppositely placed 
rolling devices, which by a drive motor is kept in rota- 
tion around the center of the half circle. The speed of 
the driv6 motor is stepless variable and is controlled 
as described in the following. 

The inlet of the blood pump is connected to an 
arterial placed, e.g. cannula-, outlet BA, provided e.g. 
by catheter application and/or cannula insertion in the 
neck of a patient, collar-bone area or at another suit- 
able connection area. The opposite end of the blood path 
of the apparatus is connected to a venous arranged, e.g. 
catheter- and/or cannula-, blood path inlet BB. The 
inlet BB can be arranged with a cannula placed else- 
where, but in practice special cannulas are used, to 
which a blood outtake pipe can be connected and a blood 
inlet pipe, as said cannula has two internal channels, 
where one debouches into the side area of the cannula in 
the blood vein of the patient, while the other debouches 
into the end of the cannula. In practice it is hereby 
possible hydraulically to achieve a safe and sufficient 
separation between the blood flow in the two pipes, out 
from and into the blood circulation of a patient. 

Between the blood pump 9 and the connection end BB 
at 6 a connection for at pressure gauge" 5 is arranged, 
while 7 indicates arrangement of an air detector known 
per se, which by presence of a certain maximum quantity 
of air in the blood path gives an e.g. electrical signal 
to one at 8 shown tube clamp known per se and at receiv- 
ing the electrical signal the air detector 7 closes 
completely for the blood path by e.g. squeezing together 
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irH. blood path channel at 8. Furthermore an artificial 
Udney or a filtration device 14 in the blood path chan- 
nel are arranged. 

The dialysis Channel outlet or dialysate outlet of 
the artiticial kidney or filtration device 14 is con- 

\^to a first dialysis pump 10, which can be of the 
:r y^^^ as -e hlood pump but is arranged having in 
7. rZe Of 1/10 maxiBUH pump yield co^ared wxth the 
pump yield of the blood pu»p 6, allowing up " "P" 
!Zl,ately 20 1 blood to pass per hour retracted from a 

Tat r.^ — ^>«- -"'^^"'^^ ^ '''''''' ::z \\ 

can suitably be arranged to let up to approximately 2 1 

"dUl sate piss per hour, — ^ ^^Hr . 
text the dialysis pump is driven, such ^^^^^^ ^= 
wise controllable in the yield area e.,. 0-2000 ^J^ 
hour. A step Size of e.,. 1 ml is easily ^'termined as a 
suitable value. The drive motor can e.g. be = ^^ep 
motor, the step speed of which is electronically con 
trolled as further described in the following. 

A similar second dialysis pump is arranged at 11. 
said two dialysis pumps are each connected to a storage 
bag mad. of plastic sheet. The bags are suspended in a 
Uver mechanism by a lever bar 12, which during opera- 
tion of the apparatus by controlling of the second dia- 
lysis " *° * predetermined working 
ipeed for the first dialysis pump 10 and thereby con- 
Tl ing Of the pump 11 In dependency of the changes in 
added dialysate ^antity to the left bag « ^'^^ f 
kept horizontal, such that an egual '^-^[^"^^'^ 

lYsate preparation from the right bag is led to the 
rtif clal kidney or filtration device 14 a^d th«eby in 

desired range via the «*ifi=ial kidney or filtration 

device 14 to the blood circulation of the patient per 

time rate. 
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There is of course nothing preventing a drawing off 
of the bag contents of the left bag to a dialysate 
cleaning plant and further to the right bag during oper- 
ation, as long as the two transport quantities per time 
vmit are equal. But the idea of the apparatus is the 
availability of the possibility for the supply of ready 
made dialysate preparation via the pump 11 to the 
patient's blood. 

It is noticed, that the apparatus operates with 
separate passage channels in the apparatus for blood and 
dialysate. Passage between the two path systems only 
exists via the artificial kidney or via the transmission 
membrane of the filtration device. 

However the apparatus is easy to change-over for 
other applications as described in the preceding. To 
achieve a lower pump yield when the patient is a child 
e.g. another pump insertion with a different and ac- 
cordingly lower yield can easily be replaced in the pump 
housing from the front plate by opening of such a tube 
pumps inspection window. 

At the top of the front plate of the apparatus a 
main switch 1, an alarm indicator 3 as well as a display 
2 respectively are arranged which in a text in a suit- 
able language indicates the operation condition of the 
apparatus displayed e.g. by an electronic control 
system, which is shown schematically in fig. 2 in the 
drawing. A key board 4 serves for operation of said 
control system. 

As shown in fig. 2 of the drawing the apparatus 
comprises a microprocessor UPC, controlling the two 
circulations of the apparatus, namely the dialysate path 
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and the blood path. The microprocessor OPC is controlled 
in an el ctronically manner known per se by the key 
board 4 and providing indication via the display 2. Via 
an analog to digital converter, digital to analog con- 
verter respectively AD/DA the step motors are con- 
trolled, which powers the first 10 and the second dia- 
lysis pump 11. The weighing device 12, 13 generates 
state signals relating to the passing dialysate quantity 
per time unit by means of a simple weight determination 
respective by alarm at dialysate preparation deficiency, 
in practice the two pump »otors will be controlled, such 
that a suitable pressure difference is kept over the 
filtration members in the artificial kidney or f iltra- 
tion device 14. 

Via similar art of analog to digital converter 
respectively digital to analog signal converter the 
blood pump 6 is controlled, likewise state signals are 
received from the air detector 7, the tube clamping 
device 8 and the pressure gauge 5,6. The microprocessor 
or the computer UPC controls the mutual relations be- 
tween the electronic working components. 

The display can from said electronic working com- 
ponents easily be brought to indicate: the flow quantity 
through the pumps, the quantity of the withdrawn liquid, 
deficiency of dialysate preparation, malfunction or 
choking of the pumps as well as an alarm call at opening 
of the protection cover over the pumps, etc., occurence 
of non-permissible air quantities in the blood path, 
exceeding of pressure limits at occurence of blood coa- 
gulation in the dialyse filter and/or tubes. In the 
latter case the blood pump could be stopped, and the 
error indicated. Furthermore inadequate (too low) volume 
passing the first dialysis pump in relation to the 
second dialysis pump can be detected, too large liquid 
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araw and leake in the dialysate circulation can also be 
detected. 

considering that a dlalyzer apparatus »ust not 
teeaK down, an applicable «,*odi»ent can be P"vided 
^th not only one, but two microprocessors or coBputers 
operatln, independently, and where one 
wntrolling operations theBselfs, i.e. the first cal 
Elates and controls the pump speed and activates the 
^ dating device S, while the other »0"i*o» ^ 
PUMP speed, air detector, manometer and the .weighing 
CLLen, the other can also control «>' ^•^^'^'^^ 
Alan, limits can be loaded and preadjusted by mean, of 
Alarm apparatus the pro- 

keyboard functions. At start of tne app 
cessors or the computer can be programmed to run a self 
controlling test as wellas to carry out precontrol of 
the electronic components. 

The tachoiaeter. mentioned, which can be arranged at 
the pumps, can e.g. be connected also to the other of 
the two microprocessors or computers. 
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CLAIMS: 


1 A hemodialyzer apparatus comprises an inlet (BA) 
for blood from an arterial outlet, such as an arterial 
cannula outlet, an outlet (BB) for treated blood to a 
venous inlet, such as a venous cannula inlet, a blood 
flow path with a blood pump (9), at least one pressure 
aauae (5,6) for monitoring the blood pressure, at least 
!r!ir detector (7) for detecting air in the blood flow 
path and further comprising an artificial kidney or ^ 
filtration device (14), such as a filter column coapris- 
ina at least one filter for passage of liquid, plasma or 
other substance from the blood supplied to the apparatus 
via the blood inlet (BA) , and at least one dialysate 
channel connected to dialysate outlet of the artxf icxal 
kidney or filtration device and a receptacle (DM) for 
the dialysate, characterized in that the blood pump (9) 
in a manner per se is arranged infinitely variable, and 
that in the dialysis channel there is at least one dia- 
lysis pump (10;ll), arranged infinitely variable. 

2 A hemodialyzer according to claim 1, charac- 
terized in that there are two dialysis pumps (10,11) m 
the dialysis channel, arranged infinitely variable, the 
pump speed of the first pump (10) is adjusted to present 
a predetermined draw volume per time unit from the out- 
let of the artificial kidney or filtration device (14), 
and the other dialysis pump (11) is adjusted to supply a 
predetermined volume per time unit of fresh or cleansed 
dialysate to the dialysis inlet of the artificial kidney 
or filtration device (14) for supply of dialysate to the 
passing blood. 

3 A hemodialyzer according to claim 2, charac- 
terized in that the dialysate from the first dialysis 
pump (10) is conveyed to a receptacle (DM), such recept- 
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v,io mm being made of plastic sheeting, connected with 
a weigni y cleansed dialysate from a 

TZTrZ^^^ . sue. as a .to„,e ^ ,0« 
Title sheetin, and filled with the dialysate, also 
plastic sheetin, „^^„is>. (12) , via the other 

irn: P-r<ur- output ^ which is .d^usted ae. 
SS«d ^ ^e two changing quanities - one reducing 
^rTtT^ raising - heing Kept egual per ^i---*^ - 
Z U^id draw being ^.pt at a higher rate than the 

liquid supply. 

4. A he«odlaly.er according to claims 1 "^J- 
characterized in that the artificial kidney or flltra- 

Tn :::^:e <x4, u provided With ««« - f 

forese and/or plasBa replacement, and "'^'^ 

dialysis PU.P (11) is adjusted synchronously with the 

first dialysis pump (10) . 

5 A h«.odialy«r according to claim 2, charac- 
terized that the artificial Wdney or filtration 
devi" (^^) has one for the purpose suitable, such as 
^rf^ei. nitration providing, ""-J^--^^^^, 
that the first dialysis pump (10) supplies dialysate to 
rtd«:ption providing, such as i^unc adsorption pro- 
dding such as antibodies and cholesterol r«.oving, 
m'm^er, fro. the outlet of the filter the 
t eared:^ossme further treated, dialysate is conveyed 
to^e Irterial inlet of the artificial kidney or fil- 
tration device (14) • 

6. a henodialy^r according to claim 5, 
teri.ed in that the other dialysis "/^^^^^ 
dialysate flow path between the ^i^^^^" 
treated, possible further treated dialysate --^^ 
dialysate inlet of the artificial )cidney or filtration 
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device (14), and that the two dialysis pumps (10,11) are 
adjusted to work synchonously. 

7. A hemodialyzer according to claims 1 or 2, char- 
acterized in that artificial kidney or filtration device 
(14) is arranged to eliminate liquid, preferably water 
drawing, from the passing blood, and that the dialysate 
via the first dialysis pump (10), which is adjusted to 
pass a determined liquid volume per time unit, is con- 
veyed to a receptacle (DM) , such as a receptacle (DM) 
connected with a weighing mechanism (12) for determina- 
tion of received liquid volume, preferably a receptacle 
(DM) of plastic sheeting. 

8. A hemodialyzer according to claims 1,2,3,4,5,6 
or 7, characterized in that in the blood flow path there 
is a shut off valve (8) , such as a tube clamp, which 
controllingly is in connection with the air detector (7) 
and is closed by this (7) , when presence of an air 
volume is detected, above a predetermined maximum. 

9. A hemodialyzer according to claims 1,2,3,4, 
5,6,7, or 8 characterized in that weighing mechanism 
(12) for the receptacle (DL) with preparation is ar- 
ranged with an alarm device (13) , giving alarm for an 
outlet quantity, which is below a predetermined quanti- 
ty, which should be conveyed to the dialysate flow path 
per time unit. 
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